SUMMARY In this study we determined the prognostic significance of 50% coronary stenosis in 1183 medically treated patients with coronary artery disease. Clinical outcome was measured by survival and eventfree (freedom from death and infarction) rates. Significant disease was first defined as 75% or greater narrowing. In 225 patients with less than 75% narrowing of all vessels, including 68 patients with 50% stenosis of at least one vessel, the 3-year survival rate was 100%. Patients with one, two or three significantly (75% or greater) stenosed vessels with additional 50% stenosed vessels had the same outcome as patients with one, two or three diseased vessels without additional 50% stenosed vessels. Significant disease was then defined as 50% or greater narrowing. Patients with significant (50% or greater) stenosis of one, two and three vessels and the left main coronary artery were divided into those in whom all diseased vessels were 75% or greater stenosed (group A) and those in whom at least one vessel was only 50% stenosed (group B). In every category, group B patients had a better outcome than group A patients. The largest differences were in three-vessel and left main coronary artery disease. Group B patients also had lower prevalences of previous infarction and abnormal ventricular function than group A patients. In three-vessel disease, the differences in outcome between group A and group B patients remained significant in multivariable analyses with descriptors of left ventricular function. Thus, 50% coronary stenosis is associated with less risk than 75% or greater stenosis even after adjustment for left ventricular function. When 50% stenosis is defined as significant, subsets based on the number of diseased vessels may be heterogenous with respect to baseline characteristics and outcome.
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THE EXTENT of coronary artery involvement is an important determinant of outcome in coronary artery disease. -7 Survival is closely related to the presence or absende of left main coronary artery (LMCA) disease and the number of diseased vessels.1-7 To determine the extent of coronary involvement, the degree of stenosis considered significant must be defined. In clinical studies of coronary disease, some groups have defined 50% narrowing of the luminal diameter as significant,5 8, 9 but others have required 70-80% stenosis.7 10-15 Evidence supporting these definitions has come from acute experiments in which coronary blood flow or myocardial perfusion has been examined under resting and high-flow conditions.' [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] There is degree of stenosis on clinical outcome. In a recent study from this laboratory, 20 Conley et al. concluded that the presence of 50% LMCA stenosis did not affect 3-year survival in patients with 75% or greater stenosis of the three other major vessels. Studies from the Cleveland Clinic6 have shown a relationship between the degree of stenosis and survival in single-vessel disease. In this study, we sought to determine the effect of 50% coronary stenosis on clinical outcome across all degrees of vessel involvement and the prognostic implications of defining 50% coronary stenosis as significant.
Methods

Population
From January 1973 to January 1978, 2389 patients underwent cardiac catheterization for suspected ischemic heart disease at Duke University Medical Center. This figure does not include patients who had prior revascularization procedures, congenital heart disease, hypertrophic cardiomyopathy or valvular heart disease other than mitral insufficiency thought to be secondary to ischemic heart disease. Of the 2389 patients, 658 had normal coronary arteries and 548 patients with coronary disease were treated surgically. The 1183 patients with coronary disease who were treated medically form the basis of this report. their patients. Most patients were catheterized because of the severity of their symptoms; some were catheterized to determine coronary anatomy and ventricular function. Of the 1183 patients, 1170 had angina and/or a history of myocardial infarction at the time of catheterization. Incapacitating angina was the main indication for surgery, except in patients with LMCA disease. Although some medically treated patients were unsuitable for surgery, most were suitable for surgery but were not operated on after the information acquired at catheterization, the severity of symptoms and the response to treatment were taken into account.
Baseline Data
The computerized information system used in this study has been described.7 21 In summary, data on baseline characteristics were collected prospectively on each patient at the time of cardiac catheterization. The data set consisted of two types of variables: clinical variables derived from the history, physical examination, chest x-ray and ECG, and catheterization variables, including standard hemodynamic measurements and descriptors of coronary anatomy and ventricular function.
Coronary angiograms were performed in multiple left anterior oblique and right anterior oblique projections. Since November 1969, coronary angiograms have been interpreted in conference by at least two of the same three experienced angiographers. Differences of opinion were resolved by measuring the lesion in question. The interpretation of each angiogram was also checked by the staff cardiologist responsible for the care of the patient. Throughout this study, significant coronary disease was routinely defined as 70-75% or greater diameter stenosis of one or more major vessels. Since January 1973, the severity of each lesion in each coronary artery segment has been recorded on a coronary artery diagram.22 Lesions were graded as causing less than 25%, 25%, 50%, 75%, 95% or 100% narrowing of the luminal diameter.22 The degree of stenosis of a long lesion was estimated at its narrowest point. In vessels that contained more than one lesion, the degree of stenosis was that of the most severe lesion. If there was more than one 50% lesion, the vessel was still considered to be only 50% stenosed.
The data were analyzed using two different definitions of significant stenosis (75% stenosis and 50% stenosis). The number of significantly diseased vessels was determined from the left anterior descending (LAD), left circumflex (LCA) and right coronary (RCA) arteries. Only vessels in which there was at least one lesion that fell within the definition of significance being tested were counted as significantly stenosed. For example, a patient with a 50% LAD lesion proximal to the first septal perforator, a 50% LCA lesion and a 75% RCA lesion would be classified as having only one-vessel disease when significant stenosis was defined as 75% or greater narrowing but would be classified as having three-vessel disease when significant stenosis was defined as 50% or greater Lesions in the anterolateral, posterior left ventricular and marginal branches of the three major coronary arteries were only defined as obstruction of their associated major vessels if the branches were large enough to accept a bypass graft and the narrowing exceeded the worst lesion in the associated major artery. In a left-dominant circulation in which the posterior surface of the heart was supplied by the LCA, significant obstruction of the proximal LCA was counted as two diseased vessels if the obstruction jeopardized blood supply to both the lateral and posterior surfaces of the heart. In this situation, RCA stenosis did not contribute to the count of diseased vessels. Patients with 50% or greater LMCA stenosis were analyzed separately. Follow-up All patients were followed 6 23 The cumulative rate at which patients remained free from both death and nonfatal infarction (event-free rate) was calculated in the same manner as the survival rate by treating both death and nonfatal infarction as terminating events.24 25 The significance of differences in outcome was tested by the Cox regression model.26 Chi-square statistics for the comparison of outcomes within each anatomic category were obtained by comparing the Cox regression parameters for two groups being compared. This approach produced a comparison of overall outcome rather than an interval-by-interval comparison. The time to the first event was used as the dependent variable in the Cox model analysis of eventfree rates. The significance of differences in the prevalence of baseline characteristics was tested by chi-square analysis or Fisher's exact test if there were fewer than five patients in a cell.
To determine the effect of 50% stenosis on outcome, significant disease was first defined as 75% or greater stenosis. Patients with no, one, two or three significantly stenosed vessels were divided into those with no 50% lesions in other vessels, and those with one or more other vessels, including the LMCA, with 50% lesions. Survival and event-free rates were compared. Thus, in patients with no significant disease (no 75% or greater stenosed vessels), patients who had one or more 50% stenosed vessels were compared with those who had no 50% stenosed vessels. Patients who had one significantly diseased vessel and one or more 50% stenosed vessels were compared with those who had one-vessel disease and no additional 50% stenosed vessels. Patients who had two significantly diseased vessels and 50% stenosis of the third vessel were compared with those who had two-vessel disease and no 50% stenosis in the third vessel. Patients who had three-vessel disease and 50% LMCA disease were compared with those who had three-vessel disease and no 50% LMCA disease. The same comparisons were also made excluding patients who had 50% LMCA lesions. Patients with 75% or greater LMCA stenosis were not considered in this analysis.
To determine the prognostic implications of defining 50% coronary stenosis as significant, the same population was classified using 50% or greater stenosis to define significant disease. Patients with significant (50% or greater) stenosis of one, two and three vessels and the LMCA were divided into those in whom all significantly diseased vessels were 75% or more stenosed (group A) and those in whom one or more significantly stenosed vessels were only 50% stenosed (group B). Thus, group B patients with one-vessel disease had 50% stenosis of one vessel, group B patients with two-or three-vessel disease had various combinations of 50% and 75% or greater stenosed vessels and group B patients with LMCA disease had 50% stenosis of the LMCA. Within the one-, two-and three-vessel and LMCA disease categories, survival and event-free rates of group A and group B patients were compared.
The baseline comparability of group A and group B was determined by comparing the prevalences of 14 prognostically important characteristics within the one, two and three diseased vessel categories. To determine whether the differences in outcome between group A and group B patients with three-vessel disease could be entirely accounted for by differences The distribution of patients with no, one-, two-and three-vessel and LMCA disease when significant There were no patients with three 50% stenosed vessels. The cumulative survival rates for patients with one or more additional 50% stenosed vessels and for patients without additional 50% stenosed vessels are compared within the no, one-, two-and three-vessel disease categories in figure 1. Additional 50% stenosed vessels had no effect on cumulative survival rates (p > 0.2) in any category of significant disease. In the 225 patients who had no 75% or greater stenosed vessels, the 3-year survival rate was 100%, regardless of whether they had 50% stenosed vessels. The only death among these 225 patients occurred at 4 years in a patient with 50% stenosis of the LCA. In one-vessel disease, the 3-year survival rates were 95% in patients with additional 50% stenosed vessels and 94% in patients with no additional 50% stenosed vessels. In two-vessel disease, the 3-year survival rate was 85% in 2. Again, there were no significant differences between those with and those without additional 50% stenosed vessels in the one-, two-or three-vessel disease categories. The maximum difference was in threevessel disease, where the 3-year event-free rate was 71% in patients with additional 50% LMCA stenosis compared with 63% in those without additional 50% LMCA stenosis. In the 225 patients who had less than 75% stenosis of all vessels, there was one nonfatal infarct, which occurred in a patient with less than 50% stenosis of all coronary vessels. Eleven of 57 patients who had 50% LMCA stenosis died. Of these 11, four had two other diseased vessels and seven had three other diseased vessels. When the patients with 50% LMCA stenosis were excluded from the no, one-and two-vessel disease categories, the differences in survival between those who did and did not have additional 50% stenosed vessels remained insignificant ( fig. 3) . The difference in event-free rates also remained insignificant. Because patients with 50% LMCA stenosis were excluded, patients with threevessel disease are not shown in figure 3. FIGURE 5. Cumulative event-free rates of patients with significant (50% or greater) stenosis of one, two and three vessels and the left main coronary artery. The patients were divided into those in whom all diseased vessels were 75% or greater stenosed (group A) and those in whom one or more diseased vessels was only 50% stenosed (group B). The number ofpatients followed in each interval is the same as in figure 4 .
75% or greater LMCA stenosis was considerably lower (p < 0.01) than that of group B patients with 50% LMCA stenosis (3-year survival rates of 35% and 81%, respectively). In one-, two-and three-vessel disease, the survival rates of group A patients were lower at every interval than those of group B patients. The differences were largest in three-vessel disease (p < 0.01). In one-and two-vessel disease, the differences in survival between group A and group B
were not statistically significant.
Ischemic Events
The event-free rates of group A patients were also consistently lower than those of group B patients ( fig.  5 ). The differences in three-vessel and LMCA disease were highly significant. With nonfatal infarcts included in the outcome, the difference between group A and group B patients with one-vessel disease was marginally significant (p = 0.07). The difference between group A and group B patients with two-vessel disease was not statistically significant.
Baseline Characteristics
The baseline characteristics of group A and group B patients with one, two and three significantly (50%o or greater) stenosed vessels are compared in table 6 . In each category, group B patients had a lower prevalence of previous myocardial infarction, resting electrocardiographic abnormalities and abnormal ventricular function than group A patients. Many of the differences in prevalence were significant. The lower prevalence of abnormal ejection fraction in group B patients was significant (p < 0.05) in every anatomic category.
Multivariable Analysis
The results of the multivariable Cox model analysis of outcome in patients with three significantly (50% or greater) stenosed vessels are shown in table 7 . The presence of one or more 50% stenosed vessels remained a significant (p < 0.05) predictor of a better outcome (survival and events) after adjustment for differences in left ventricular ejection fraction. Because left ventricular ejection fractions were not measured in 67 of the patients with three-vessel disease, the multivariable analysis was repeated using descriptors of left ventricular function available in every patient: abnormal left ventricular contraction, diffusely abnormal left ventricular contraction, left ventricular end-diastolic pressure and arteriovenous oxygen difference. The presence of one or more 50% stenosed vessels remained a significant predictor of an improved outcome after adjustment for all of these descriptors of left ventricular function.
Discussion
The evidence that 50% coronary artery luminal diameter narrowing is hemodynamically significant comes largely from acute animal experiments in which coronary flow or myocardial perfusion was examined under high-flow conditions.16l19, [28] [29] [30] Under resting conditions, coronary flow is generally not affected until the degree of stenosis approaches 75%* [16] [17] [18] [19] [27] [28] [29] Parallel observations in man have yielded similar findings. In acute human experiments, myocardial perfusion defects have been shown by radionuclide imaging under high-flow conditions in patients with 60% or less coronary stenosis.31 32 Studies during open heart surgery, however, failed to show that occlusion of a bypass graft decreased myocardial perfusion32 or produced reactive hyperemia33 unless the lesion in the bypassed vessel exceeded 75% stenosis.
In this study of clinical outcome in relation to the degree of coronary stenosis, 50% coronary artery stenosis alone was less likely to be associated with death and nonfatal infarction than 75% or greater stenosis. In fact, over the 4-year period of this study, 50% coronary stenosis was not shown to cause any increase in risk. For example, patients with 75% or greater stenosis of two vessels and 50% stenosis of the third vessel had survival and event-free rates comparable not to patients with three-vessel disease but to patients with two-vessel disease. Consequently, defining 50% coronary stenosis as significant distinguished groups that were heterogeneous with respect to clinically important baseline characteristics and outcome. The fact that acute studies suggest the opposite conclusion about the importance of 50% lesions is not surprising. Many variables, not all of which are known, influence the relationship between the degree of stenosis and clinical outcome. Among those that have been considered are the length of the coronary lesion34 and the degree of collateralization. 35 The strongest argument that lesions causing less than 75% coronary narrowing are not prognostically significant over 3-4 years comes from the group of 225 patients who had coronary disease but no major vessels with 75% or greater stenosis. There was only one death (at 4 y-ears) and one nonfatal infarct in this group, which included 68 patients with 50% stenosis of at least one artery. This group of 225 patients was virtually free from any bias introduced by the exclusion of surgical patients, because only four patients were excluded from it by selection for surgery. Fifty percent coronary stenosis was also associated with a more benign history preceding cardiac catheterization. The important differences in baseline characteristics between group A and group B patients with the same number of 50% or greater stenosed vessels could be related to previous myocardial infarction and its consequences. Group B patients, those who had at least one 50% stenosed vessel, had lower prevalences of resting ECG changes and the clinical, chest x-ray, ventriculographic and hemodynamic manifestations of impaired left ventricular function. These differences in baseline ventricular function probably contributed to the differences in outcome. However, the multivariable analysis showed that when differences in baseline ventricular function were considered in patients with three 50% or greater stenosed vessels, the effect of 50% stenosed vessels on outcome remained significant.
The similar outcomes of group A and group B patients with two diseased (50% or greater) vessels can be explained by the finding that with the 75% definition, the outcomes of patients with one-and two-vessel disease were not different. The majority of group B patients with two-vessel disease did have one 75% or greater stenosed vessel.
The better survival of patients with 50% LMCA stenosis compared with 75% or greater LMCA General acceptance of the results of this study will depend on the accuracy and reproducibility of the coronary angiography. In a study published from this center involving patients catheterized in a period just before the commencement of this study,38 angiographic estimates of stenosis and autopsy measurements were compared. There was 79% agreement for lesions causing 75% or greater narrowing. The majority of errors was due to underestimation. The accuracy of estimating lesions causing less than 75% stenosis was not examined. In a later study, two angiographers estimated the presence of 75% or greater stenoses with 88% and 89% accuracy in comparison with autopsy findings and with agreement in 86% of 340 segments (unpublished results). These results are comparable to the accuracy and reproducibility of coronary angiography reported from other centers.39 40 Patients with coronary disease are usually stratified by important prognostic variables. The results of this study indicate that if 50% stenosis is defined as significant, subsets based on the number of diseased vessels may be heterogenous with respect to baseline characteristics and outcome. Additional stratification by left ventricular function may reduce this heterogeneity. However, in this study, the differences in outcome in patients with three-vessel disease, were not entirely accounted for by left ventricular function.
Despite varying definitions of significant stenosis, there has been reasonable agreement among the results of recently reported outcome studies.7 1 13. 14 The effect on outcome of combining patients with 50% stenosis with patients with 75% or greater stenosis will obviously depend on the relative proportions of the two lesions. Until more information is available about the prevalence of 50% stenosis in other series, our interpretation of this investigation is that studies using different definitions of significant stenosis must be compared with caution. Further, the difference in definition is likely to most affect the comparison of individual subsets, particularly three-vessel disease and LMCA disease.
